observations suggesting an infectious aetiology, numerous investigators have explored whether seasonal variations exist in the diagnosis month (or birth month) of children with leukaemia (or other related malignancies), with inconsistent results (Hayes, 1961; Lee, 1962 Lee, , 1963 Fraumeni, 1963; Bjelke, 1964; Knox, 1964; Lanzkowsky, 1964; Mainwaring, 1966; Stark and Mantel, 1967; Till, 1967; Gunz and Spears, 1968; Fekety and Carey, 1969; Walker and Van Noord, 1982; van Steensel-Moll et al, 1983; Harris and Al-Rashid, 1984; Harris et al, 1987; Meltzer et al, 1996; Badrinath et al, 1997; Gilman et al, 1998; Westerbeek et al, 1998) .
A demographic database was established in the USA to investigate the geographic distribution of over 20 000 children with cancer diagnosed between 1989 and 1991 in the Children's Cancer Group (CCG) and the Pediatric Oncology Group (POG) (Ross et al, 1993 (Ross et al, , 1996 . This large database provided a unique opportunity to examine whether seasonal variations exist in the diagnosis of childhood ALL, HD, or NHL. Moreover, the large number of cases enabled us to explore potential seasonal variations in the diagnosis of other childhood malignancies.
MATERIALS AND METHODS
Data from this study were derived from information on patients seen at one of the member institutions of the CCG or the POG and have been previously described (Ross et al, 1993 (Ross et al, , 1996 Swensen et al, 1997 Childhood cancers explored in this study included ALL, acute myeloid leukaemia (AML), HD, NHL, retinoblastoma (Rb), central nervous system (CNS) tumours, rhabdomyosarcoma (RD), hepatoblastoma (HB), Wilms' tumour (WT), osteosarcoma (OS), Ewing's sarcoma (ES) and neuroblastoma (NB).
Statistical analysis
Seasonal trends (adjusted for the number of days in a month) were evaluated with Roger's test and maximum likelihood estimates (Roger, 1977 ). Roger's test is a modification of Edward's test and evaluates the significance for cyclic trends based on the efficient score vector calculated for one seasonal peak (Edwards, 1961; Roger, 1977; Epilog, EpiCenter Software) . Additional peaks were evaluated by a maximum likelihood model that fits an order 1 model, then order 2, etc. Plots of the number of cases of childhood cancer by month of diagnosis were also examined. Three-month moving means were used in the plots to assist in visual evaluation of seasonal trends. Table 1 shows the overall distribution of cases by month of diagnosis, and by diagnosis-specific subgroups. Although there were some months (January, May and August) where there was a notably higher frequency of cases overall, the test for seasonal trend was not significant (P = 0.12). For the individual diagnostic groups, there was a statistically significant summer peak evident for ALL (P = 0.01), RD (P = 0.03) and HB (P = 0.01) ( Table 1 and Figure 1 ). Marginally significant peaks were observed for WT (summer) and CNS tumours (winter) (P = 0.08 and 0.09 respectively). No statistically significant seasonal patterns were detected for AML (although there were notably more cases in the summer), osteosarcoma (notable fall peak), HD, NHL, NB, RB, or all other tumours combined.
RESULTS
When the cases were stratified by northern and southern latitudes, several different patterns were apparent (data not shown). For cases living in the southern USA, with the exception of a winter peak for CNS tumours (P = 0.002), there were no statistically significant seasonal patterns. For cases living in the northern USA, there was a statistically significant summer peak for both ALL (P = 0.004) and HB (P = 0.03).
DISCUSSION
In an evaluation of over 20 000 children diagnosed with cancer in the USA, we found statistically significant seasonal variations in the diagnosis of several malignancies including ALL (summer peak), HB (summer peak) and RD (spring/summer peak).
A summer excess in the diagnosis of childhood ALL has been reported in several studies (Lee, 1962 (Lee, , 1963 Knox, 1964; Fekety, 1969; Badrinath et al, 1997; Westerbeek et al, 1998) (Table 2) . Others have found no seasonal variations in childhood ALL (Bjelke, 1964; Mainwaring, 1966; Till, 1967; Gunz, 1968; Walker, 1982; van Steensel-Moll et al, 1983; Gillman et al, 1998) , a winter excess (Hayes, 1961; Fraumeni, 1963; Lanzkowsky, 1964) , or a more complex (multiseasonal) pattern (Harris and Al-Rashid, 1984; Harris et al, 1987) . Harris et al (1987) compared seasonal risk of childhood ALL in cases diagnosed in the northern USA (greater than 40°latitude) including Seattle, Nebraska, Iowa, Detroit and Connecticut with cases diagnosed in the southern USA (less than 40°latitude) including San Francisco, Utah, New Mexico and Atlanta. They found more complex trimodal patterns, with seasonal peaks in April, August and December for northern cases, and seasonal peaks in February, July and October for the southern locations. They suggest that these peaks could coincide with seasonal elevations in the occurrence of allergic and infectious processes, including a higher frequency of tree and grass pollen in the spring, ragweed in the summer and influenza in the winter. In our study, when cases were stratified on latitude, a summer excess for ALL was only apparent for children who resided in the northern USA; there was no suggestion of a trimodal seasonal pattern. Others who have observed only singular summer peaks in ALL diagnosis also speculate that a cyclic pattern in an infectious exposure may account for the patterns observed (Gunz and Spears, 1968; Badrinath et al, 1997) . While it is acknowledged that exact patterns of seasonality in potential infectious agents cannot be easily delineated, attention to the occurrence of infections in children with leukaemia prior to diagnosis in epidemiological studies may be fruitful.
The excess of childhood AML diagnosed in the summer, although not statistically significant, may still be important to note. While ALL and AML are biologically different diseases and may have distinct aetiologies (Ross et al, 1994) , there is no reason to think that an infectious component must only be limited to ALL. It is possible that different infectious agents may play a separate role in the development of each of these diseases. This preliminary evidence for a summer peak in AML merits further investigation.
The fall peak in osteosarcoma is visually striking but not statistically significant. We also found summer peaks in the diagnosis of RD, HB and WT. We observed no seasonal patterns among children diagnosed with CNS tumours in the northern states. There did appear to be a winter peak, however, among children in the southern states.
In light of the fact that these observations have not been reported in other populations and that we did not have an a priori hypothesis regarding diagnostic seasonality at these sites, caution should be used in drawing any conclusions based solely on these data.
Several potential limitations of this study need to be considered. First, this was an ecological analysis. We had no information at the individual level on potential confounding factors. Second, a number of different childhood tumours were evaluated for seasonal patterns in this study. While there were a priori hypotheses for some of these (such as ALL and NHL), most of the sites were evaluated on a hypothesis-generating basis. In fact, the finding of a summer peak for multiple sites within this analysis provides some evidence against a causal interpretation of the results for ALL. Third, we did not have information on the month of onset of clinical symptoms. This date may be the more important indicator, especially for ALL, since there may be considerable variability in the time period from first appearance of symptoms to diagnosis. Fourth, children included in this study were diagnosed over a period of 3 years. It is possible that if the patterns of seasonal diagnosis of a specific cancer are dependent on exposure to infectious agents, then these seasonal patterns might vary from year to year in the same way that infections do. On the other hand, the cyclical patterns involved in exposure to infectious agents might occur over a longer time frame (i.e. greater than 3 years). Fifth, this type of study is unable to evaluate exposure to specific infectious agents. Finally, because the aetiology of most cancers is likely multifactorial, not all cases would necessarily have an infectious cause. This mixing of effects, however, would probably result in an underestimate of any putative seasonal influence.
In summary, this study provides some modest support for a summer excess in the diagnosis of childhood ALL. Given all the available evidence, it seems reasonable to suggest that these data may reflect some underlying pattern of exposure to infectious agents. While no specific agent has yet been identified and associated with the development of childhood ALL, the theories of Greaves (1997) , Kinlen (1995) and Smith (Smith et al, 1998) deserve serious attention and investigation. If there are underlying biological mechanisms that account for the seasonal patterns observed here and in other preliminary studies, they are very likely to be complex and difficult to unravel. We suggest that further studies are most likely to be fruitful only if they are based on a more detailed investigation of specific hypotheses relating to specific infectious agents.
